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DEMONSTRATION o/NEWTON's THEOREM/or 
the CORRECTION 0/ SPHERICAL ERRORS in 
the OBJECT GLASSES of TELESCOPES. By the Rev. 
MATTHEW YOUNG, D.D, S.F,T,C.D. and M.R.LA. 



OlR Ifaac Newton, in his Optics, B. I. Part L p. 68, had ob- Read Dec. j,, 
ferved, that were it not for the different refrangibility of the 
rays of light, telefcopes might be brought to a great degree 
of perfedion, by compofing the objedl glafs of two glafles 
with water between them, in the following manner : 
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Let ADFC represent the obje(5l glafs compoied of two glaflea 
AB EDy and B EFC alike convex on the outddes AGD and 
CHFy and alike concave on the infides BME^ BNEy with water 
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in the concavity B M E N. Let the fine of incidence to the fine 
of refra6llon of glafs into air be as / to i?, and out of water 
into air as K to /?, and by confequence out of glafs into wa- 
ter as / to K: and let the diameter of the iphere to which 
the convex fides AG D and C HD are ground be D ; and the 
diameter of the fphere to which the concave fides are ground be 
to Z), as the cube root of KK^KI to the cube root o£ RK — R /; 
by which means the refrat5lions on the concave fides of the 
glafTes will very inucb corl-ed: the errors of the refradions 
on the convex fides, fo far as they arife from the fpherical- 
nefs of the figure. 

M. EuLER, improving on this hint, was not without hopes of 
being able, by the fame artifice, to prevent the difperfion which 
is Gccafibned by the difference of reftangibility ; and pubiiflied a 
memoir on that ftibjed in the Berlin TranfadHons fiar the year 
1 747. This memoir excited the attention of Mr. Dollond, and 
gave rife to that controverfy, which terminated fo happily in the 
glorious difcovery of the Achromatic Telefcope. 

It is fingular that this conftru6lion of the firfl compound objedl 
glafs, though fo principal a fubje(5l of enqviiry, fliould never have 
been demonftrated in the progrefs of this controverfy. Count 
Redern, in his memoir on " The influence which the famous 
« Newton attributes to the different refrangibility of the rays of 
" light on refrading Telefcopes," in the Berlin Tranfadions for 
the year \q6oj obferves:, that " it is 10 be lamented, that 
" Newton has not given us the de^nonibation of this admi- 
♦* rafele conftru<5lion, the difcovery of which would not be in- 
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" ferior to that of the difitrent refrangibility of light; and 
" that he has not informed us whether he had tried it." 

In the quarto and o(^avo editions of the Optics, in Do<5lor 
Clarke's Latin tranflation, in Dodlor Horfeley's edition, in Mar- 
tin's Phil. Brit. vol. HI. p. 62. and in the memoir by Count Re- 
dern above referred to, the ratio of the radii is determined in 
the fame manner as defcribed above. And yet there is no doubt 
but that fome error mull have crept into the text ; for the quan- 
tities KK — KI and R K — R I are to each other as K to i?, and 
therefore the ratio of the radii, according to this expreffion, de- 
pends folely on the refradlion between water and air, without in- 
volving any confideration of the refradive power of the ambient 
medium that inclofes the water, which is evidently falfe. Neither 
can it be fuppofed that Newton would have given the ratio in 
this complex form, which is intuitively reducible to an expreffion 
fo much more fimple. Mr. Harris in his Optics, and Dodor 
Prieftley in his Hiftory of Vifion, Sec. defcribe the contrivance 
in general, as confifting in cementing together two like concavo- 
convex glafles, with water between them, the radii of whofe fur- 
faces fhall have a certain ratio to each other ; but neither of them 
tell us what that ratio fhould be. An inveftigation of the de- 
monflration of this conftrudion is therefore defirable, not only 
on its own accovmt, but alfo as it may lead to a corredion of 
Newton's text, which, from what has been obferved, appears ma- 
nifeftly to be corrupt. 

I F the ratio of / to i? denote the ratio of the fine of incidence 
to the fine of refra<5lion out of glafs into air, D the radius of the 
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fpherical furface, and y the femi-aperture of the lens, Newton ha« 
demonftrated, that when parallel rays fall on the plane fide of 
a plano-convex lens, the lateral aberration at the focns, arifing 

R^ y^ 

from the fphericalnefs of the figure, will be equal to -fj4^; 

J? 7) 

which divided by -g — , the diftance of the focus from the 
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centre of the lens, gives — jT n'{~ ^°^ ^^^ angle which the 

lateral aberration at the focus fulytends at the centre of the 
furface. Now when the ray pafTes from the glafs into the 
included water, and from the water into the glafs, it is evi- 
dent that the refradions, and coniequently the fpherical aber- 
rations, are contrary to thofe at the firft and laft furface ; and 
therefore, that all aberration ftiould vanifli, the lateral aberra- 
tions from glafs into air and from glafs into water (as being 
the principal, and nearly equal to thofe from air into glafs, 
and from water into glafs) flxould fubtend equal angles at 
the common centre of the fpherical furfaces. The fine of 
incidence out of water into air is to the fine of refrac- 
tion as K to i?, and by confequence out of glafs into water 
as I zo K; therefore if we fuppofe the rays, in paffing from 
the glafs into the water, to fall parallel on the water, the 
angle which the lateral aberration of the rays atthe focus fub- 
tends at the centre of the refradling furface will be equal to 

T2~l'%~ » which being made equal to f^fi^ — ^» ^^ 

have d^ to Z>' as K K—K I to R R—R L Though the rays 
do not fall parallel on the water, yet the error caufed by their 
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divergence or convergence will produce no difference in the con- 
clulion of any confequence : See Emerfon's Dioptrics, Cor. 7 & 8. 
Prop. 40. B. 3. And that perfedl accuracy was not affecfled by 
Newton is evident from his words, " will very much corre(5l the 
" errors of refradion, fo far as they arife from the fphericalnefs 
" of the figure." 

We may obferve, from the expreffion laft deduced, that the 
ratio of the radii of the furfaces depends as well upon the 
refraflion between air and glafs, as upon the refradion between 
glafs and water. We may alfo obferve, that in the laft term of 
the analogy, as it ftands in Newton's text, we Ihould read R R 
inftead of R K ; which renders the whole confiftent, and re- 
moves a manifeft corruption. 

If the furfaces be not concentrical, each glafs becoming a 
menifcus, no error will thence arife ; becaufe the centre of the 
concave furface will be as much farther from the focus of 
the compound lens on one fide, as it is nearer to it on the 
other; and therefore the correction by one furface will be as 
much too great, as too little by the other, fo that the fum of 
both aberrations will, in this cafe likewifc, very nearly vanifli. 



